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Method for Separating Supercritical or Near Critical Mixtures 



Field of the Invention 

This invention relates generally to the production of fatty alcohols, 
especially by hydrogenation of the corresponding esters under supercritical 
or near-critical conditions, and more particularly to a technically simplified 
5 and economically optimized process for separating the compressed gas 
mixtures. 

Prior Art 

According to the prior art, fatty alcohols are conventionally produced 

10 by catalytic hydrogenation of the corresponding methyl esters in the 
absence of a solvent. However, hydrogenation in the presence of a solvent 
in the supercritical or near-critical single-phase range offers the advantage 
of a faster reaction. Thus, European patent EP 0 791 041 B1 describes the 
hydrogenation of fatty acid methyl esters to fatty alcohols in the presence of 

15 propane to establish a supercritical state. The advantage of this procedure 
lies in the production of a homogeneous phase in contrast to the traditional, 
industrially practised process in a trickle-bed reactor with two liquid phases. 
By creating a fluid phase, it is possible to obtain far higher volume/time 
yields. However, the supercritical mixture consisting of hydrogen, propane, 

20 methanol and fatty alcohol has to be separated. In the cited document, 
there is no recycling of the hydrogen or the propane which are therefore 
lost and make the process unprofitable. In Chem. Eng. News 2001 Dec, 
page 17, HSrrGd proposes for the first time for such a process the 
separation of hydrogen and propane in a column and their recycling as 

25 recycle gases after expansion, i.e. removal of the reaction conditions of 
250°C/150 bar. However, the conditions for the pressure stages are not 
mentioned even though they are critical to any economic evaluation and 
determine whether or not the process is viable. 
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Accordingly, the problem addressed by the present invention was to 
find a way of separating the compressed gas mixtures acumulating in a 
process for the supercritical or near-critical hydrogenation of fatty acid 
methyl esters to the corresponding fatty alcohols with minimal outlay on 
5 equipment and under optimal economic conditions without reducing the 
quality and particularly the purity of the fatty alcohols obtained. 

Description of the Invention 

The present invention relates to a process for separating 
10 supercritical or near-critical gas mixtures containing hydrogen, inert gas, 
methanol and fatty alcohols under pressures of 100 to 300 bar, 
characterized in that the compressed mixtures are expanded in three 
stages, the pressure range of the first stage being between 50 and 150 bar, 
the pressure range for the second stage being between 10 and 50 bar and 
15 the pressure range for the third stage being between 1 and 10 bar. 

The invention is based on the observation that expansion should be 
carried out in three stages and the pressure difference between the 
reaction pressure and the pressure level of the expansion process should 
be minimal to keep the recompression costs to a minimum. On the other 
20 hand, however, separation of the fatty alcohol and the methanol from the 
hydrogen/inert gas mixture must be guaranteed. By analyzing the cost of 
recycling hydrogen/inert gas at different pressure and temperature levels of 
the pressure stages, it was possible to find an optimum in regard to outlay 
on equipment and process costs. 

25 

Operation of the process 

The hydrogenation of a substrate is normally carried out in the 
presence of a solvent, preferably propane, in the supercritical or near- 
critical range. In contrast to other words, expansion in the first stage 
30 ("flash") takes place to a pressure of 50 to 150 bar. This has proved to be 
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advantageous for minimizing the compression costs of the process as a 
whole. Under the effect of the phase equilibrium taken as a basis, the fatty 
alcohol and the methanol are completely separated from the reaction 
mixture, the lower the pressure and the higher the temperature. The 
5 separation of the fatty alcohol should be complete under the conditions 
applied whereas the separation of the methanol can be partial because a 
methanol content of up to at most 5% in the recycle gas is not 
problematical to the process. The pressure in the first separation stage 
should be near the reaction pressure in order to avoid cost-intensive 

10 compression of the main quantity of recycled solvent and excess hydrogen. 
Even with an expansion to 1 0 bar in the first separation stage, the process 
as a whole can otherwise become unprofitable in consequence of the 
resulting compression costs. In the following step-by-step expansion to the 
pressure stage between 10 and 50 and 1 and 10 bar, the solvent and the 

15 methanol are separated off. The hydrogenation product is worked up. 
Other advantageous embodiments of the process comprise on the one 
hand recycling the inert gas with the excess hydrogen and, on the other 
hand, the recycled mixtures containing up to 5 mol-% methanol. 

In addition, it has been found that the ratio between the educts is 

20 very important to the profitability of the process. In a particularly 
advantageous embodiment, the percentage content of the substrate is 
between 1 and 4 mol-% and more particularly ca. 2 mol-% and the 
pecentage of hydrogen is between 10 and 20 and more particularly 
between 12 and 18 mol-%. If the quantities of substrate used are too small 

25 (< 1 mol-%), the process becomes unprofitable in view of the large excess 
of inert gas/hydrogen for a given quantity of fatty alcohol to be produced. 
For example, for the production of 20,000 t/a fatty alcohol, 9300 kg/h 
propane are required for a ratio of propane to hydrogen to fatty acid methyl 
ester of 85:12:3 mol-%. With a ratio of 200:60:1, however, 74,000 kg/h 

30 propane has to be compressed and recycled to produce the same quantity 
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of fatty alcohol. This means that, for an economic process, the quantity of 
substrate should be as large as possible in order to minimize the quantity of 
propane to be recycled. 

With regard to the quantity of hydrogen to be used, calculation of the 
5 thermodynamic parameters has shown that an increase in the percentage 
content of hydrogen in the starting mixture facilitates separation of the fatty 
alcohol in the first pressure stage. Accordingly, the solubility of the fatty 
alcohol in the propane/hydrogen mixture decreases with increasing 
hydrogen content. Accordingly, a percentage hydrogen content of 10 to 20 
10 mol-% is particularly advantageous for complete separation of the fatty 
alcohol from the reaction mixture. 

Examples 

15 In a plant for the hydrogenation of fatty acid methyl esters as 

describd in EP 0 791 041 B1, coconut oil fatty acid methyl ester was 
hydrogenated at 250°C/150 bar in the presence of a commercially available 
copper/zinc catalyst to form the corresponding fatty alcohol. A flow chart of 
the plant is shown in Fig. 1. The ratio of propane to hydrogen to methyl 

20 ester was 85:12:3 parts by weight. Assuming a running time of 8,000 h/a, 
the energy consumption for the necessary compression and the loss of 
propane were calculated for various expansion stages. The results are set 
out in Table 1. Examples 1 and 2 correspond to the invention, Example C1 
is intended for comparison. 



t 

WO 03/084907 5 PCT/EP03/03433 

Table 1 



Energy consumption and loss of propane 



Example 


Pressure stages [bar] 


Energy consumption 
[MW/a] 


Loss of propane 
fkg/al 


1 


1st stage: 100 bar 
2nd stage: 10 bar 
3rd stage: 1 bar 


2,541 


344,000 


2 


1st stage: 50 bar 
2nd stage: 10 bar 
3rd stage: 1 bar 


2,222 


416,000 


C1 


1st stage: 10 bar 
2nd stage: 1 bar 


10,224 


120,000 



5 The results show that far less energy is required for recompression 

in the process according to the invention, even though the losses of inert 
gas are considerably higher. However, if it is taken into account that the 
cost of 100 kWh energy is on average 10 times higher than the price of 1 
kg propane, it can clearly be seen that the process according to the 
10 invention operates far more favorably in regard to its economic conditions. 



